T otal knee arthroplasty (TKA) is one of the most common and successful surgical procedures that provides substantial pain relief and improves functional disability and quality of life in patients with severe knee arthritis. [1] [2] [3] However, not every patient undergoing TKA experiences such an improvement in pain relief and improvement of well-being status. 4, 5 Pain, stiffness, decreased range of motion, and/or knee instability are some of the problems that may be addressed during the immediate postoperative period or may persist for months to years. 4, 5 Several recent studies have reported chronic persistent pain lasting from 6 months to 4 years after TKA. The prevalence of chronic pain varies, ranging from 5% to 44%. [4] [5] [6] [7] [8] [9] [10] [11] Risk factors for continuing pain and disability after TKA include patient age, sex, comorbidities, pain profile, psychological status, and expectations. [4] [5] [6] [7] [8] [9] [10] [11] However, these variables can only account for a minority of the variance in outcomes observed, suggesting that other risk factors must be equally as or more important.
Although significant progress has been made in improving analgesia and pain control, the effect of different surgical techniques in postoperative pain after TKA is still not well understood. 12, 13 The estimated prevalence of patients who report minor or no improvement of their symptoms and pain after total knee arthroplasty (TKA) remains high, ranging from 5% to 40%. The authors sought to determine whether chronic pain and functional health are related to specific variations in demographic data, surgical techniques, or radiographic pre-and postoperative findings. They also sought to identify independent risk factors for persistent moderateto-severe chronic pain after TKA. A total of 272 patients who underwent primary TKA from October 2006 to August 2008 with a minimum follow-up of 1 year were identified from electronic medical records. A questionnaire to identify persistent postoperative pain (36-item Short Form Health Survey ) was mailed to these patients. Linear regression and logistic regression were used to identify predictors for SF-36 and chronic pain, respectively. Thirty-nine percent of patients reported persistent pain after TKA, with a median average pain score of 3 out of 10 and worst pain score of 5 out of 10. Independent risk factors for persistent pain are the length of the operative procedure (odds ratio [OR]=1.013), medical history of diabetes mellitus (OR=0.430), presence of preoperative flexion contracture (OR=1.089), and patellofemoral joint overstuffing (OR=0.915). Persistent postoperative pain is a common finding after TKA. Nonmodifiable risk factors could be used for risk stratification, whereas modifiable risk factors could be used as a clinical guidance for modification of some aspects of existing surgical techniques. 
Materials and Methods
The authors electronically identified a total of 745 patients who had undergone primary TKA in their institution from October 2006 to August 2008 with a minimum 1-year follow-up. Questionnaires and consent forms with descriptions of the study and contact telephone numbers for questions were then mailed to all patients approximately 12 months (range, 12-16 months) postoperatively. Prestamped return envelopes were included. A reminder was mailed to nonresponders after approximately 1 week. Any questionnaires not returned or returned incomplete were excluded from the study data. A total of 272 patients who returned completed questionnaires and signed consent forms were included for final analysis to determine the prevalence of persistent pain at the surgical site and to identify potential risk factors for persistent pain and patient dissatisfaction after TKA. Institutional review board approval was granted, and written informed consent was obtained from all included patients.
The primary outcome was the prevalence of persistent pain (new onset since TKA) as defined by a previously published questionnaire that was used to document incidence of persistent postoperative pain. 12 Postoperative pain was evaluated using the 10-point visual analog scale (VAS) score. Pain was defined as moderate-to-severe if the VAS score was 4 or greater.
A previously published questionnaire to identify persistent postoperative pain that included the SF-36 was mailed to this group. The SF-36, a short-form functional health and well-being survey, is well documented and has been used and validated in orthopedic patients, including those who underwent TKA. 3, 6, 14, 15 Software based on SF-36 guidelines from a previous study was used to calculate the scores of 8 independent scales, 2 dimensions (physical health and mental health), and total SF-36 results. 12 Scores in the SF-36 were converted to a scale from 0 to 100 (0=worst and 100=best); this conversion has been previously described and used in TKA literature. 3, 14, 16 Perioperative information on patient demographics and surgical and radiographic The total length of in-hospital stay (LOS) and disposition after discharge (ie, home or rehabilitation) were also recorded. Data associated with the surgical technique, including total operative time, pressure and duration of tourniquet, length of the incision, eversion of the patella, varus or valgus releases required for soft tissue balancing, administration or not of periarticular knee injections, and characteristics (type and sizes) of the knee prostheses, were also collected.
Standardized pre-and postoperative radiographs were collected from patients' electronic files to assess the pre-and postoperative alignment of the femur, tibia, and knee joint in both coronal and sagittal planes. The amount of tibial and femoral component alignment in the coronal plane was measured by the alpha and the beta joint line angle. For assessment of the alpha angle, one line was drawn parallel to the femoral condyles and a second was drawn in the femoral shaft axis. For calculation of the beta angle, one line was drawn parallel to the plateau of the metal tibial component and a second was drawn parallel the tibial shaft axis. The restoration of joint line was assessed by measuring the distance from the femoral condyles to a constant anatomic landmark at the tibial side (usually the tip of the fibular head) pre-and postoperatively. Potential overhanging of the components was also recorded.
The femoral and the tibial component angles were also measured in the sagittal plane (sagittal femoral angle and sagittal tibial angle). The femoral size (anteroposterior distance of the femoral condyles) and the anterior and posterior femoral offsets were assessed pre-and postoperatively. Femoral component flexion and extension angles were measured between a line perpendicular to the distal metal-cement interface of the femoral component and a line parallel to the femoral shaft axis. The tibial component sagittal angle was measured between a line parallel to the metal tibial plateau and the tibial shaft axis. The InsallSalvati ratio was used for the assessment of the level of the patella. Other radiographic patellar measurements included the anterior displacement of the patella, sulcus angle, congruence angle, and patellar tilt. All measurements on pre-and postoperative radiographs are illustrated in Figure 1 and Figure 2 .
Statistical Analysis
Logistic regression was planned to identify independent risk factors for chronic pain. Specifically, univariate logistic regression was first conducted to screen for potential predictors for chronic pain. Those variables with a P value less than .2 were included in a multivariate logistic regression. For each individual predictor, the odds ratio (OR), 95% confidence interval (CI), and P value were computed. Multivariate logistic regression models were fitted and selected using backward elimination. Similarly, linear regression analysis was performed to identify predictors for SF-36. A P value of .05 was considered statistically significant. All statistical analyses were performed using SAS version 9.3 statistical software (SAS Institute, Cary, North Carolina).
results
A total of 745 questionnaires were mailed from the authors' institution, and 272 were returned, resulting in a response rate of 36.51%. Twenty-six patients were excluded because of a disallowed surgical procedure or incomplete survey. Overall, 107 (39.34%) of the 272 patients reported persistent pain at the operated knee. Median average pain score was 3 of 10 and worst pain was 5 of 10, according to the questionnaire.
Univariate logistic regression analysis of demographic, operative, and radiographic variables showed that (1) the presence of antalgic gait preoperatively (P=.0343), (2) patellofemoral joint overstuffing (P=.0222), and (3) the amount of (Tables 1-4) . Independent risk factors for persistent pain from the multivariate logistic regression are the length of the operative procedure (OR=1.013; 95% CI, 1.001 to 1.026), presence of preoperative flexion contracture (OR=1.089; 95% CI, 1.002 to 1.183), and patellofemoral joint overstuffing (OR=0.915; 95% CI, 0.855 to 0.98) ( Table 5) .
Worse SF-36 scores were found in females (P=.013), in patients with increased preoperative femoral offset (P=.0116) and posterior femoral offset (P=.0416), in patients who needed a greater amount of correction in anatomical axis of the tibia (P=.0332), when the patella was everted during the procedure (P=.0249), when a thicker polyethylene insert was used (P=.0212), and when a more constrained implant was used (P=.0473) (Tables 6-9 ).
Independent risk factors for SF-36 scores from the multivariate logistic regression are female sex (OR=8.1766; 95% CI, 2.8959 to 13.4573), eversion of the patella (OR= -9.4899; 95% CI, 15.1637 to -3.8162), preoperative femoral offset (OR=-0.3942; 95% CI, -0.7003 to -0.0881), and patellofemoral joint overstuffing (OR=0.5829; 95% CI, 0.0767 to 1.0892) ( Table 10) . 
discussion
Many patients experience significant pain 6 to 12 months after TKA despite an absence of clinical or radiographic evidence of abnormalities as identified on the standard outcome instruments. Clinical experience has shown that a large percentage of patients suffer from mild to severe persistent pain and stiffness, but these data are confounded by little correlation between surgeons' assessment of pain (the parameter used in the majority of outcome reports) and patients' selfassessments. 5, 15, 16 The International Association for the Study of Pain has defined chronic pain as pain persisting more than 3 months postoperatively.
11 Previous studies examining persistent pain after TKA during the 3-to 12-month postoperative period reported a typical prevalence of 7% to 20%. 11 Studies that examined the prevalence of persistent pain ranging from 1 to 4 years after TKA reported an even greater prevalence (24% to 44%) after TKA. 4, 6, 17 In the current study, the authors identified a 39.34% incidence of persistent moderate-to-severe pain after TKA approximately 1 year postoperatively that is similar to those reported by other authors. 11, 18 The use of a large sample size and validated tools for the assessment of chronic pain and postoperative functional health and well-being of the patients are strengths of this study. However, there are several limitations. As is typical of any observa- The current authors observed the outcomes of pain and functionality at only a single time period. Their survey period of 12 to 16 months postoperatively is intermediate among studies that examined an early period (months) and those that examined a much later period (years). In the current literature there is no standardized or optimal time after surgery to measure the existence of persistent pain. Although a longitudinal study including observations at multiple time frames would be optimal and should be performed, the authors believe that the selection of the current postoperative time period (12 to 16 months) reflects more accurately the chronic pain that is directly associated with surgery; longer postoperative follow-up times may be confounded by the accentuation-type phenomenon or use of different methodologies for pain assessment.
Several authors have reported the association of poor outcomes after TKA with several demographic variables. [3] [4] [5] 10, 11, 15, 16, 20, 21 Age, sex, obesity, and other comorbidities have been found to be determinants of some of the various outcomes after TKA. Some authors have indicated that preoperative pain, physical function, and mental state are significant factors for increased chronic postoperative pain. [2] [3] [4] [5] 8, [10] [11] [12] [13] 15, 16, [20] [21] [22] The current study found that female sex and patients with diabetes mellitus were related to worse postoperative functional health and increased persistent postoperative pain, respectively.
In the current literature, there are numerous reports on surgical techniques that demonstrate favorable short-term outcomes on pain and functionality. Mini-skin incision and quad-preserving approaches (midvastus and subvastus) have been related to lower pain and better function compared with a standard skin incision and typical medial parapatellar approach during the initial postoperative period (1 to 6 weeks). 17 However, no benefit is reported beyond this early postoperative period. In the current study, the authors found that the presence of chronic pain was not related to the length of skin incision. However, the length of the operative procedure was found to be a significant risk factor for persistent chronic pain after TKA. Specifically, for every minute of extended operative time, the odds of developing chronic pain are increased by 1.013 times.
In the current literature, little is known about the association of chronic pain with pre-and postoperative radiographic assessment of the knee joint. Valdes et al 23 reported that there is an inverse relationship between preoperative radiographic severity and postoperative pain in patients with osteoarthritis who had undergone total joint arthroplasty. Dennis et al 24 found that decreased patellar component size, decreased composite patellar thickness, shorter preand postoperative patellar tendon length, and increased posterior femoral condylar offset are predisposing factors for painful patellar crepitus after TKA. These findings are in accordance with the current authors' results; they found that increased preoperative femoral offset and posterior femoral offset, as well as an increase in the anterior displacement of the patella postoperatively, are associated with the development of chronic postoperative pain. Many of these factors associated with an increased incidence of postoperative painful knee may increase quadriceps tendon contact forces against the superior aspect of the intercondylar box, increasing the risk of fibrosynovial proliferation development of painful crepitus. 24 The effect of stuffing the patellofemoral compartment on the outcome of TKA has been studied by Pierson et al. 25 They reported that pre-to postoperative changes in anterior patellar displacement, anteroposterior femoral size, combined anteroposterior patellofemoral size, anterior femoral offset, and posterior femoral offset have no clinically meaningful effect on the range of motion of the knee or on any Knee Society score. 25 The current study showed that the presence of preoperative flexion contracture and patellofemoral joint overstuffing are individual risk factors for chronic pain after TKA.
conclusion
Persistent postoperative pain is a common finding after TKA. The incidence of postoperative pain after TKA is relatively high, with more than one-third of patients in this study reporting persistent pain 1 year postoperatively. The development of persistent pain was associated with a significantly lower health-related quality of life, as measured by the SF-36.
Risk factors identified in this study included operative time, medical history of diabetes mellitus, preoperative flexion contracture, and patellofemoral overstuffing. Nonmodifiable risk factors could be used for risk stratification, whereas modifiable risk factors could be used as a clinical guide to appropriately select or modify well-established surgical techniques. Large multi-centric longitudinal surveys including a nonoperative control group are needed to confirm and validate these preliminary findings.
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